Abstract. A novel experimental design was employed to further investigate the importance of founder effects in determining the outcome of competition between the flour beetles Tribolium castaneum and T. confusum. Each of 10 replicate cultures in seven competition series was started with 10 pairs of adults of each species that were, in turn, the progeny of 1, 2, 4, 8, 16, 32, or 64 pairs of adults, respectively, from the foundation population. Thus the founder effect occurred one generation prior to the initiation of competition. An analysis of variability among replicate cultures for the first eight monthly censuses showed a significant increase in variation with smaller numbers of original pairs, confirming the hypothesis previously proposed to explain the indeterminate outcome of replicate competition cultures initiated with small numbers of founders. In addition, there was a significant reduction in the rate of elimination of T. confusum with smaller numbers of original pairs. It is suggested that T. castaneum is more sensitive to inbreeding, and that the differential response of the two populations to inbreeding reflects a difference in their homeostatic properties.
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Introduction. A long-term series of laboratory experiments by Park and his associates on interspecific competition between the flour beetles Tribolium castaneum and T. confusum has provided a wealth of information on Lerner and Dempster3 postulated that the indeterminacy observed by Park could be accounted for on the basis of founder effects. Park's cultures were initiated with small numbers of adults (two pairs of each species), and thus, under this hypothesis, would not be expected to receive a representative sample of the gene pools of the two strains utilized. When replicate cultures were started with 10 pairs of adults, the outcome was completely determinate.4
In a later study, Dawson and Lerner,' using several strains of each species, compared the outcomes of paired experiments initiated with 2 and 10 pairs of adults but treated identically in all other respects. A greater amount of indeterminacy was observed in the two-pair series, and, further, a measure of variation in the proportion of one species between replicate cultures within any experiment showed a significantly greater variance for the two-pair series, thus supportiIng the hypothesis of Lerner and Dempster. However, it can be argued that differences in initial density in these paired experiments may be in part responsible for the differences in both the pattern and the outcome of competition.
Hence, a further test of the hypothesis was made using an experimental design under which all cultures were initiated with identical numbers of beetles.
Experimental Design. The beetles used in these experiments were from new, highly heterogeneous synthetic populations produced in late 1967 and early 1968 from systematic crosses among six strains of each species obtained from a variety of sources. The Berkeley strain of T. castaneum is marked with sooty, a dark body color mutant, which was also incorporated into the new synthetic population.
Several months after the new stocks had been prepared, large numbers of pupae were collected, sexed, and stored separately. Ten replicate matings were set up simultaneously for each species using 1, 2, 4, 8, 16, 32, or 64 pairs of beetles taken at random from the storage bottles. Two of the mating series were set up each week following a randomly determined schedule. From each of the 10 replicate matings within each mating series, 10 male and 10 female pupae were isolated and later used to establish one competition culture. Thus, for example, each of 10 replicate cultures for the one-pair series was initiated with 10 pairs of adults of each species that were, in turn, the progeny of one pair of adults. Under this procedure, the bottleneck in population size occurred one generation prior to the start of the competition tests; all 70 competition cultures were started with identical numbers of founders.
Two separate control competition series were also established in the usual manner using 10 pairs of adults obtained from random collections of large numbers of pupae from the synthetic strains. All nine series were coded and treated identically, and the technicians who performed most of the censuses had no knowledge of what series they were working with. Adults were discarded at the time of census (transfer), which was conducted at 4-week intervals. Cultures were maintained in 6-dram shell vials containing 7 g of a mixture of whole wheat flour supplemented with 5% brewer's yeast and kept in a constant temperature room at 290C (±410), and 65-75% relative humidity. All of the cultures were retained for a minimum of eight transfers, in order to provide data necessary for transformation of percentages (discussed later), and thereafter were discarded when the outcome of competition had been determined.
Toward the end of the eighth month my laboratory was moved. Furthermore, an unknown "disease" (possibly one of the sporozoan parasites frequently found in Tribolium cultures) was discovered in some vials at the seventh or eighth month. Some of the cultures seemingly recovered from the "disease" and returned to a "normal" condition. It is quite possible, however, that the time period required for elimination of the losing species was modified in diseased cultures; this should be kept in mind when the results are examined. Subsequent to the ninth transfer, all affected cultures were discarded.
For these reasons, detailed analyses were only performed for the first eight transfers.
Results and Discussion. The data analyzed in this study were the means and variances of the percentage of T. castaneum in the 10 replicate cultures of each series. In order to account for differences in means between series, coefficients of variation rather than variances were used to assess variability between replicate cultures. Because the procedure of discarding adults leads to fluctuations in the frequency of each species as well as in absolute numbers,6 the means and coefficients were converted to shifting two-point averages prior to analysis.
Percentage data were converted to angles by an arcsin transformation and were also corrected for spurious variance arising from values of 0 or 100%'.7 The transformation did not significantly alter the analysis of variability (Table  1) , but the results are included for completeness. Fig. 1 for mean percentage similar to founder effects,9 utilized in of T. castanem. this study are essentially a form of inbreeding. For example, in the competition series initiated with the progeny of one pair of adults, all of the founders in any one culture are full sibs. If the above speculations are valid, T. castaneum should be more affected by inbreeding and should perform poorly in cultures initiated with the progeny of fewer founders. T. confusum, less affected by inbreeding, should do relatively better in these cultures. The data on changes in mean percentage of T. castaneum (Fig. 3) indicate that this is the case. Table 2 shows the outcome of competition. Elimination of one species has occurred in all nondiseased cultures except one from the one-pair series. In Each series was started with 10 replicates, but some cultures were discarded prior to elimination of one species because of an unidentified "disease" (see text).
* Both species present when "diseased" cultures were discarded. Previously6 I have used the mean number of transfers for elimination as a measure of competitive ability. This criterion is less satisfactory in the present study because of the "disease" problem and the fact that the experiment was moved while still in progress. Nevertheless, a regression analysis of mean number of transfers for elimination on the logarithm of the number of pairs of founders (Fig. 2) showed a significant increase in elimination time with small numbers of founders (one-tailed t = 3.38, p < 0.01). There were no significant differences among the experimental series with respect to coefficient of variation in the number of transfers required for elimination.
The results of the present experiment prompted a reanalysis of the data reported by Dawson and Lerner.' In that study, several strains of both species were utilized in 10 paired competitions started with 2 and 10 pairs of adults of each species. Table 3 presents a summary of the means and coefficients of varia- 
